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Introduction
Liver cancer is the fourth most common cancer and the second leading cause of cancer-related deaths in the world. 1 Hepatocellular carcinoma (HCC), the most common histologic type of liver cancer, consists of over 80% of total malignancies and is characterized by rapid progression, high metastasis and recurrence, and poor prognosis. 2, 3 Currently, the therapy of HCC mainly includes surgical resection, chemotherapy, and radiotherapy. [4] [5] [6] However, most HCC patients are at a middle or late stage upon diagnosis, resulting in loss of timing for surgery, chemotherapy, and radiotherapy. [7] [8] [9] Liver transplantation has been accepted as the most beneficial option for the treatment of unresectable HCC; however, high costs and huge shortage of donors greatly limit its clinical application. [10] [11] [12] Transcatheter arterial chemoembolization (TACE) and ablations have been reported to be effective to improve the survival for unresectable HCC; however, there are still problems limiting the long-term treatment outcomes. [13] [14] [15] It is estimated that the 5-year overall survival rate is less than 5% in patients with advanced HCC. 2 Since HCC has been considered as an immunogenic tumor, immunotherapy has shown potential for the treatment of HCC. [16] [17] [18] The immunotherapy for HCC mainly includes non-specific and specific approaches. 19 Non-specific immunotherapy is infusion of cytokines such as interleukin (IL)-2, interferon gamma (IFN-γ) and tumor necrosis factor (TNF), or immunocompetent cells like cytokine-induced killer (CIK) cells, lymphokine-activated killer (LAK) cells and tumor-infiltrating lymphocyte (TIL), to enhance the non-specific immune responses against HCC, 20 while specific immunotherapy is vaccination of tumor vaccines or α-fetoprotein (AFP)-based polypeptide vaccines to activate specific immune responses against HCC. 21 However, injection of cytokines may induce severe adverse events, infusion of immunocompetent cells requires multiple treatments, and the clinical efficacy of tumor and polypeptide vaccines remains unstable; these problems greatly limit the applicability of immunotherapy for HCC. [22] [23] [24] In this study, we established an HCC-hu-PBL-nonobese diabetic/severe combined immunodeficiency (NOD/ SCID) mouse model to mimic the human HCC microenvironment, and evaluated the efficacy and safety of intratumoral IL-12 gene therapy for HCC in this model.
Materials And Methods Ethical Statement
This study was approved by the Ethics Review Committee of Fujian Cancer Hospital (permission number: B-201308). All animal experiments were performed in accordance with the international and national guidelines for laboratory animal care and management.
Animals
Female NOD/SCID mice at 4 to 6 weeks of age, each weighing 18 to 20 g, were purchased from Shanghai SLAC Laboratory Animal Company (Shanghai, China) and maintained in the Laboratory Animal Center of Fujian Medical University (Fuzhou, China) at a temperature of 20 to 25°C, relative humidity of 50% to 55% in a 12 h-light/12 h-dark cycle. All mice were given free access to clean water and food.
Cell Lines And Culture
The human HCC HepG2 cell line was purchased from the Cell Bank of Chinese Academy of Sciences (Shanghai, China) and maintained in the Laboratory of Immuno-Oncology, Fujian Medical University Cancer Hospital (Fuzhou, China). The 9597/IL-12 and 9597/plasmid cell lines were kindly presented by Dr. Xin Lin from The University of Texas MD Anderson Cancer Center (Houston, TX, USA). To construct the expression plasmid Pcmv-IL-12neo, the genes encoding human IL-12 p35 and p40 subunits were isolated and cloned into the mammalian expression vector. The 9597/IL-12 cell line was generated by transfection of human IL-12 gene into the human lung carcinoma 9597 cell line, and the 9597/plasmid cell line was generated by transfection of a blank plasmid into the 9597 cell line. Cells were cultured in DMEM (Invitrogen; Carlsbad, CA, USA) supplemented with 10% fetal bovine serum (FBS; Invitrogen; Carlsbad, CA, USA) at 37°C, in a 100% humidity incubator containing 5% CO 2 .
Establishment Of A HCC-Hu-PBL-NOD/ SCID Model And IL-12 Gene Therapy
Six NOD/SCID mice were injected subcutaneously in the armpit with 1 × 10 7 HepG2 cells which were mixed with equal volumes of Matrigel matrix (BD Biosciences; San Jose, CA, USA). After 14 days of subcutaneous injection of HepG2 cells, five of the mice with grafted tumors were injected intraperitoneally with 2 × 10 7 human peripheral blood lymphocytes from healthy populations, and one mouse was injected with PBS as a control. After 4 weeks, all mice were sacrificed, and the grafted tumors were isolated for the subsequent assays. The HCC mouse model was generated as above. On day 14 post-infection with HepG2 cells, 30 mice were injected intraperitoneally with 2 × 10 7 peripheral blood lymphocytes from healthy populations. After 4 days, mice were randomly grouped, of 10 mice in each group. Mice in the 9597/IL-12 group were injected intratumorally with lethally irradiated (27 Gy) 1 × 10 7 9597/IL-12 cells on days 1, 4 and 7, and animals in the 9597/plasmid group were given intratumoral injection with lethally irradiated (27 Gy) 1 × 10 7 9597/plasmid cells on days 1, 4 and 7, while mice in the PBS group were injected with PBS at the same time points.
Following injection, the changes of tumor volume were measured with calipers and calculated using the formula: (a × b 2 )/2, where a indicated the length of the tumor and b indicated the width. The body weight was measured and general conditions were observed. Mouse peripheral blood was sampled on days 1, 7, 14 and 21 from the tail and on day 28 from the orbit. On day 28, the mice were sacrificed and the tumors were isolated. A part of each tumor was fixed in formalin and 1.0 mg of tissue was suspended in homogenization with 4 mL of PBS. Then, 5 µL of the supernatant was collected after centrifugation to detect cytokines.
Immunohistochemistry (IHC)
Fixed tumor specimens were stained with hematoxylin and eosin (HE) for routine histological analysis. To investigate the tumor microenvironment, tumor specimens were incubated with rabbit anti-human CD3 ( Positively stained cells were counted in ten fields of vision at a magnification of 400 × and the mean cell count per high power field (HPF) was measured. In addition, the vascular endothelial cells were stained with rabbit anti-human VEGF monoclonal antibody (1:500; Santa Cruz Biotechnology Company, Dallas, TX, USA) to measure the microvessel density (MVD).
Enzyme-Linked Immunosorbent Assay (ELISA)
IL-12 expression was measured in the mouse peripheral blood and the homogenates from fresh tumor specimens using the high-sensitivity ELISA kit for human IL-12 (R & D Company; Minneapolis, MN, USA, and the alanine aminotransferase (ALT) and aspartate aminotransferase (AST) concentrations were measured in the mouse peripheral blood with the ELISA kits for murine ALT and AST (USCN Life Science, Inc.; Wuhan, China).
Cytometric Bead Array (CBA)
The levels of Th1, Th2 and Th17 cytokines, including IL-2, IL-4, IL-6, IL-10, TNF-α, IFN-γ and IL-17A, were measured in the peripheral blood and the supernatants of tumor homogenates with the Cytometric Bead Array for human Th1/Th2/Th17 cytokine kit (BD Biotechnology Company; San Jose, CA, USA) according to the manufacturer's protocol.
Detection Of Apoptosis And Cell Cycle
After the fresh tumor homogenates were centrifuged, the supernatants were used to detect cytokines, and the precipitated cells were retained to analyze apoptosis and cell cycle. Some of the precipitants were re-suspended with the Binding Buffer in the ANNEXIN V apoptosis detection kit (BD Biotechnology Company; San Jose, CA, USA) at a concentration of 1 × 10 6 cells/mL, and the others were resuspended with PBS at a concentration of 5 × 10 6 cells/ mL. Then, 100 µL of homogenates were sampled to analyze apoptosis using the ANNEXIN V apoptosis detection kit and analyze the cell cycle using the Cell Cycle Test Plus kit (BD Biotechnology Company; San Jose, CA, USA) following the manufacturer's guidelines.
Statistical Analysis
All data were processed using Microsoft Excel 2010 (Microsoft; Redmond, WA, USA), and all statistical analyses were performed using the software SPSS version 17.0 (SPSS, Inc.; Chicago, IL, USA). The differences of means for each variable were compared using one-way analysis of variance (ANOVA), followed by the least significant difference (LSD) Pairwise comparison t-test. A P value of < 0.05 was considered statistically significant.
Results

Identification Of The HCC-Hu-PBL-NOD/ SCID Murine Model
Tumors developed in all NOD/SCID mice following subcutaneous injection of HepG2 cells, and the mean tumor volumes were 61.91 ± 31.38 and 278.71 ± 92.81 mm 3 7 and 14 days post-infection. Following intraperitoneal injection of human peripheral blood lymphocytes, tumors continued to grow in NOD/SCID mice, and the mean tumor volumes were 275.77 ± 130.1, 355 ± 210.18, 602.63 ± 527.98 and 1024.75 ± 808.2 mm 3 7, 14, 21 and 28 days post-injection.
Mice were sacrificed 28 days following intraperitoneal injection with human peripheral blood lymphocytes, and the grafted tumors were sampled. The tumors appeared a lobulated shape and dark red and greyish yellow, and the tumor surface had intact capsules wrapped with fibrous tissues, which was infiltrated with mouse blood vessels ( Figure 1A) . HE staining showed that the HCC cells showed distinct architectural atypia, and grew in nests or nodules with internal blood sinus-like architecture and surrounding fibrous interstitium ( Figure 1B and C). Cellular atypia was also seen as was heterogeneous size, huge nuclei, and even pathologic mitotic figures ( Figure 1C ). These tumor architectures and morphologic features of cancer cells are similar to those of human HCC. However, no metastasis of HCC to the liver, lung or spleen was observed.
To evaluate the infiltration of human peripheral blood lymphocytes in grafted tumors sampled from mice receiving intraperitoneal injection with human peripheral blood lymphocytes, CD3 + , CD4 + and CD8 + T lymphocytes expression was detected in grafted tumors using IHC, and the mean count of CD3 + , CD4 + and CD8 + T lymphocytes was 5.63 ± 3.48, 3.21 ± 2.83 and 1.18 ± 2.2 cells/HPF, respectively ( Figure 1D -F). These infiltrated T lymphocytes were mainly dispersed throughout the grafted tumor interstitium.
Intratumoral 9597/IL-12 Cell Injection Inhibited HCC Growth
The HCC-hu-PBL-NOD/SCID murine model was generated to evaluate the in vivo activity of IL-12 gene therapy against HCC. The tumor volume was smaller in the 9597/IL-12 group than in the 9597/plasmid and PBS groups on days 7, 14, 21, and 28 post-treatment (P < 0.05) (Figure 2A) .
HE staining showed infiltration of plenty of inflammatory cells in the grafted tumor interstitium with tissue necrosis in the 9597/IL-12 group ( Figure 2B ), and the degree of inflammatory cells infiltration and tissue necrosis was lower in the 9597/plasmid and PBS groups than in the 9597/IL-12 group ( Figure 2C and 2D).
Toxicity Of Intratumoral 9597/IL-12 Cell Injection
During the 28-day observation period, all mice had normal behaviors, normal diet and shiny coats. Sporadic mild diarrhea appeared in the 9597/IL-12 and 9597/plasmid groups 4 days post-treatment and completely disappeared 21 days post-treatment, while no abnormal stool was found in the PBS group.
The mouse body weight appeared a tendency towards a decline in all three groups, and there was no significant difference in the mouse body weight among the three groups over the study period ( Figure 3A) . The serum ALT activity peaked in the 9597/IL-12 group 14 days post-treatment, and then gradually reduced and returned to normal 28 days post-treatment. Higher ALT concentrations were measured in the 9597/IL-12 group than in the 9597/plasmid and PBS groups 14 and 21 days posttreatment (P < 0.05), while a lower ALT level was seen in the 9597/IL-12 group than in the 9597/plasmid group 28 days post-treatment (P < 0.05) ( Figure 3B ). During the study The mouse body weight appears a tendency towards a decline in all three groups, and there is no significant difference in the mouse body weight among the three groups over the study period; (B) Higher ALT concentrations are measured in the 9597/IL-12 group than in the 9597/ plasmid and PBS groups 14 and 21 days post-treatment; (C) There is no significant difference in the serum AST concentration among the three groups during the study period; (D) Greater peripheral white blood cell counts are measured in the 9597/IL-12 group than in the 9597/plasmid and PBS groups 7 days post-treatment.
period, there was no significant difference in the serum AST concentration among the three groups (P > 0.05) ( Figure 3C ).
The peripheral white blood cell counts peaked in the 9597/IL-12 group 7 days post-treatment and then gradually reduced, while a continuous decline was seen in the white blood cell counts in the PBS group across the study period. Greater white blood cell counts were measured in the 9597/IL-12 group than in the 9597/plasmid and PBS groups 7 days post-treatment, and higher white blood cell counts were found in the 9597/IL-12 group than in the PBS group 21 days post-treatment ( Figure 3D ).
Changes Of Cytokines In Mouse Peripheral Blood And Supernatants Of Tumor Homogenates
The IL-12 concentration peaked in the peripheral blood in the 9597/IL-12 group 7 days-treatment, and then gradually reduced. Higher IL-12 levels were detected in the peripheral blood in the 9597/IL-12 group than in the 9597/plasmid and PBS groups 7, 14, 21 and 28 days post-treatment (P < 0.05), and greater IL-2 and IFN-γ levels were found in the 9597/IL-12 group than in the 9597/plasmid and PBS groups 21 days post-treatment (P < 0.05), while no significant differences were observed in terms of IL-4, IL-6, IL-10, IL-17A or TNF-α levels in the peripheral blood among the three groups across the study period (P > 0.05) ( Figure 4A ). In addition, higher IL-2, IL-12, and IFN-γ concentrations were detected in the supernatants of grafted tumor homogenates in the 9597/IL-12 group than in the 9597/plasmid and PBS groups (P < 0.05), and a significant lower IL-17A level was seen in the 9597/IL-12 group than in the 9597/plasmid and PBS groups (P < 0.05), while no significant differences were seen in IL-4, IL-6, IL-10 or TNF levels among the three groups (P > 0.05) ( Figure 4B ).
Intratumoral 9597/IL-12 Cell Injection Altered Tumor Microenvironments, Cell Cycle And Apoptosis
The grafted tumors were isolated 28 days post-treatment and subjected to IHC for detection of tumor microenvironments. IHC revealed higher counts of CD3 + T cells, CD4 + T helper cells, IFN-γ Th1 cells + and S-100 protein positive dentric cells (DCs) in the 9597/IL-12 group than in the 9597/plasmid and PBS groups (P < 0.05), and the MVD was significantly lower in the 9597/IL-12 group than in the 9597/plasmid and PBS groups (P < 0.05) ( Figure 5A and B) .
Flow cytometry showed a significantly higher proportion of HCC cells at the G0/G1 phase and a significantly lower proportion of HCC cells at the S phase in the 9597/IL-12 group than in the PBS group (P < 0.05), while no significant difference was detected in the proportion of HCC cells at the G2/M phase among the three groups ( Figure 5C and D) . In addition, a greater apoptotic rate of HCC cells was determined in the 9597/IL-12 group than in the 9597/plasmid and PBS groups (P < 0.05) ( Figure 5E and F) .
Discussion
Currently, xenograft models through transplantation of human or murine cancer cell lines into mice, such as murine H22, human HepG2, BEL-7402, and SMMC-7221 cells, [25] [26] [27] are a predominant tool in oncology research. 28, 29 Since mice lack human immune cells, the murine xenograft model cannot completely recapitulate the state of in situ human HCC. 27 Transplanting human lymphocytes into immunodeficient mice can establish a humanized mouse model with a simulated, but limited human immune system, to evaluate the effect of immunotherapy. 30, 31 Humanized mouse models can be generated by transplanting human peripheral blood lymphocytes (hu-PBL mouse model), or human embryonic hematopoietic tissues into mice (mice-hu-model), 30, 31 and the hu-PBL mouse model is more convenient to be generated because human peripheral blood lymphocytes are easily harvested. 32 In this study, the HCC-hu-PBL-NOD/SCID murine model was generated by injecting human peripheral blood lymphocytes into the grafted tumors derived from HepG2 cells in mice, to mimic the human HCC microenvironment. IHC showed that CD3 + , CD4 + and CD8 + T lymphocytes were dispersed throughout the grafted tumor interstitium, and CBA detected T lymphocytes in the supernatants of grafted tumor homogenates, suggesting the transfected peripheral blood lymphocytes remain to survive and function in the grafted tumors.
IL-12, a member of the larger family of IL-12-related cytokines, is a heterodimeric cytokine that is produced by natural killer (NK) cells, T cells, dendritic cells (DCs), and macrophages. 33 Firstly discovered from an Epstein-Barr virus-transformed B lymphoblastoid RPMI 8866 cell line as "NK cell stimulatory factor" in 1989, 34 IL-12 has been identified as a cytokine with important regulatory functions that bridges innate and adaptive immunity, and has been proposed as an immune adjuvant for immunotherapy in infectious diseases and malignancies. 35 In a phase I dose escalation trial to determine the potential antineoplastic effects of intravenous administration of recombinant human IL-12 (rhIL-12), there was a partial response (renal cell cancer) and a transient complete response (melanoma) in previously untreated patients, and four additional patients received all proposed treatment without disease progression. 36 In a phase I trial to evaluate the efficacy and safety of rhIL-12 at an escalating dose for the treatment of advanced renal cell carcinoma, of all treatment regimens, the best treatment regimen achieved complete response in a case, stable progression in 34 cases, progression in 14 cases and an inevaluable case. 37 In a phase I dose escalation trial to assess the efficacy and adverse effects of subcutaneous or intralesional administration of rhIL-12 for 10 cutaneous Tcell lymphoma patients, including 5 with extensive plaque, 3 with Sezary syndrome, and 2 with extensive tumors with large cell transformation, subcutaneous dosing resulted in complete responses in 2 of 5 plaque, partial responses in 2 of 5 plaque, 1 of 2 Sezary syndrome, and a minor response in 1 of 5 plaque patients, and intralesional dosing resulted in individual tumor regression in 2 of 2 patients. 38 Results from a randomized phase II study to compare the efficacy of rhIL-12 versus interferon-alpha (IFN-alpha) for patients with previously untreated, advanced renal cell cancer showed a partial response in 7% of 30 patients treated with rhIL-12. 39 In phase II study to evaluate the activity and toxicity of intravenous rhIL-12 administration for patients with recurrent or refractory epithelial ovarian cancer that failed first-line platinum-based chemotherapy regimen, no complete response was achieved; however, 3.8% of the subjects achieved a partial response and 50% had a stable disease. 40 Among 29 previously treated patients with peritoneal carcinomatosis from Müllerian carcinomas, gastrointestinal tract carcinomas and peritoneal mesothelioma, weekly intraperitoneal rhIL-12 injection resulted in no remaining disease in a case with ovarian cancer and a case with mesothelioma at laparoscopy, stable disease in 8 cases and progressive disease in 19 cases. 41 In addition, results from clinical trials also showed activity of rhIL-12 administration against head and neck squamous cell carcinoma, 42 advanced cervical cancer, 43 recurrent superficial transitional cell carcinoma of the bladder, 44 advanced digestive tumors, 45 relapsed and refractory non-Hodgkin's lymphoma and Hodgkin's disease 46 and plateau phase multiple myeloma. 47 However, rhIL-12 therapy may cause adverse events, such as chills, fever, fatigue, nausea, vomiting, headache, anemia, neutropenia, lymphopenia, abnormal liver function, and even death, 48 and the antitumor activity of IL-12 was found to be dosedependent. 49 Since IL-12 is rapidly metabolized in the body, 33 attempts have been made to increase the dose to increase the titer in the tumor, but this contributes to more serious adverse reactions, even death, [36] [37] [38] which limits the clinical utilization of IL-12.
Currently, vectors used for a delivery system involve IL-12 gene containing plasmids or virus and transfection of normal or abnormal human cells like DC, fibroblasts, or tumor cells, [50] [51] [52] [53] Intratumoral administration of electroporation-mediated mouse IL-12 gene therapy elevated serum IL-12 and IFN-γ, significantly inhibited the growth not only of HCC into which the mIL-12 vector had been directly transferred, but also of the distant HCC, suppressed spontaneous lung metastasis, delayed establishment of HCC injected 3 days after electroporation-mediated mouse IL-12 gene therapy, induced more lymphocyte infiltration by NK cells, CD3 + cells, and Mac-1-positive cells into the tumor and reduced the number of microvessels. 54 Intramuscular injection of 10 μg IL-12 DNA plasmid followed by electroporation prevented the establishment of squamous cell carcinoma tumor in 40% of experimental animals and reduced the volume of established tumors by 75% compared to controls (P < 0.05). 55 In addition, injection of autologous or allogeneic fibroblasts engineered IL-12 efficiently eliminated or suppressed the growth of the MCA207 sarcoma in a dose-dependent manner, and IL-12 delivery by fibroblasts significantly reduced the 7-day established lung metastases of MCA102 and MC38 sarcoma, suggesting that IL-12-engineered fibroblasts seem to serve as a safe and efficient means to deliver IL-12 in these three tumor models. 56 Recently, cationic polyphosphazene vesicles 57 and the nanoparticle MPEG-PLA and DOTAP with zetapotential value of 38.5 mV and size of 37.5 nm 58 have been proved to be an efficient delivery system for IL-12 immunotherapy for cancers.
Since IL-12 gene therapy delivered via the systemic system achieves a lower efficiency on cancer inhibition and causes more adverse events than the local delivery system, 59 a delivery system that continuously secreted IL-12 into the local tumor environment was employed which exhibited a high antitumor function and minimized adverse reactions in this study. In our HCC-hu-PBL-NOD/SCID murine model, lethally irradiated 9597/IL-12 cells were injected into the tumor at multiple sites on days 1, 4, and 7, and injection of 9597/IL-12 cells caused greater suppression of tumor growth than injection of 9597/plasmid cells or PBS. During the 28-day study period, the serum IL-12 level was found to peak 7 days post-treatment in the 9597/IL-12 group, and remained detectable 28 days post-treatment. In addition, intratumoral injection of 9597/IL-12 cells caused mild diarrhea and a transient increase of ALT during the study period. Taken together, these findings suggest that intratumoral IL-12 gene therapy is effective and lowly toxic for HCC.
Previous studies have demonstrated that IL-12 is active against cancers through inducing Th0 cells to Th1 cell development to enhance the cellular immunity, promoting the proliferation of NK and T cells and the expansion of LAK and TIL populations, inducing the secretion of IFN-γ from Th1 and NK cells and NO from macrophages, inhibiting angiogenesis, enhancing the expression of MHC-I, MHC-II and the costimulatory molecule B7 to improve the sensitivity of immune cells to tumors, and increasing the tumor antigen presentation of antigen presenting cells. 60, 61 In our study, the counts of CD3 + T-cells, CD4 + Th cells, IFN-γ + Th1 cells, S-100 + DCs, IL-2, IFN-γ, and IL-12 were greater in the 9597/IL-12 group than in the 9597/ plasmid group and the PBS group, which was in agreement with the role of Th1 cells and DCs in antitumor responses. 62, 63 DCs capture and present tumor antigens to Th1 cells and then activate Th1 cells to assist the activation of CTL and induce the antitumor activity. 62, 63 The number of MVD in the grafted tumors was significantly lower in the 9597/IL-12 group than in the 9597/ plasmid and PBS groups, suggesting that IL-12 gene therapy may inhibit angiogenesis. In addition, flow cytometry determined a higher percentage of HCC cells at the G0/G1 phase and a greater apoptotic rate of HCC cells in the 9597/IL-12 group than in the 9597/plasmid and PBS groups (P < 0.05). This is consistent with the mechanisms by which IL-12 inhibits tumor growth through arresting cells in G0/G1 phase and inducing apoptosis. 60, 61 Th17 T-cells are a type of helper T cells that secrete IL-17, IL-17F, IL-21, and IL-22, and IL-17 may promote inflammation by activating NF-κB and the MAPK pathway after binding receptors on target cells. 63 The function of Th17 in tumorigenesis remains controversial. 64, 65, 66 Th17 cells both promote and suppress tumor growth, and Th17 cells also exhibit a bystander function [65, 66] . Previous studies have shown that IL-17 improves tumorgenicity by promoting angiogenesis in cervical carcinoma and ovarian carcinoma, 67, 68 and IL-17F suppressed the growth of HCC through inhibiting angiogenesis. 69 In IL-17-deficient mice, the tumor development and metastasis were promoted, suggesting that IL-17 may exhibit an antitumor activity. 70 In the current study, the tumor volume was smaller in the 9597/IL-12 group than in the 9597/plasmid and PBS groups on days 7, 14, 21, and 28 post-treatment (P < 0.05), and a significant lower IL-17A level was seen in the supernatants of grafted tumor homogenates in the 9597/IL-12 group than in the 9597/plasmid and PBS groups (P < 0.05), suggesting that IL-17A promotes tumorigenesis.
In summary, the results of the present study demonstrate that intratumoral IL-12 gene therapy may inhibit tumorigenesis with mild adverse effects in a HCC-hu-PBL-NOD/SCID murine model through inhibiting angiogenesis, arresting cells in G0/G1 phase and inducing apoptosis. Our data suggest that intratumoral IL-12 gene therapy may be a promising strategy for the treatment of HCC, and further clinical trials to evaluate the safety and toxicity of intratumoral IL-12 gene therapy for HCC are warranted.
